Objective: To determine whether there is a relationship between the time adolescents spend in physical activity and time they spend in different sedentary pursuits: watching television, playing video games, working on computers, doing homework, and reading, taking into account the effect of part-time work on students' residual time.
Conclusions:
Physical activity was not inversely associated with watching television or playing video games, but was positively associated with productive sedentary behavior and part-time work. Some students appear capable of managing their time better than others. Future studies should explore the ability of students to manage their time and also determine what characteristics are conducive to better time management.
Arch Pediatr Adolesc Med. 2003; 157:797-802 P HYSICAL ACTIVITY is an integral part of a healthy lifestyle and has been associated with many health benefits.
1,2 A well-documented decline in sports participation occurs during adolescence, [3] [4] [5] and since physical activity may track from adolescence to adulthood, [5] [6] [7] there is concern that morbidity and mortality associated with physical inactivity will increase. [8] [9] [10] Determinants of physical activity have been studied in adolescents and include behavioral attributes such as sensation seeking, history of physical activity, involvement in community sports, and sedentary pursuits after school and on weekends (negative association); physical environment factors such as opportunities for exercise; and demographic and biological factors such as sex, age, and ethnicity. 11 Although one would expect sedentary behavior to be at one end of the physical activity continuum, it appears that the determinants of "activity" and of "inactivity" differ substantially. 12, 13 Determinants of sedentary behavior have been studied far less but appear to be related to sociodemographic factors (eg, socioeconomic status [SES] ) and possible psychosocial variables (eg, body image dissatisfaction in females, and quality of life and school performance in males) 14 as well as depressive symptoms. 13 Most investigations of the relationship between physical activity and sedentary behavior have focused solely on television watching, occasionally including video game playing. 11 While the association between physical activity and television watching is equivocal, [14] [15] [16] [17] [18] [19] that between physical activity and other types of sedentary behaviors is largely unexplored. Although Strauss that time spent watching television and doing computer activities were both inversely correlated with moderatelevel physical activity, these were only examined separately univariately; in multivariate regression analyses, a combined "sedentary behavior time" was created and was independently correlated with moderate activity level.
While an all-encompassing indicator of "sedentary time" is intuitively appealing, different types of sedentary behaviors should likely not be collapsed into a single variable. In fact, there is evidence that not all sedentary activities are equal in value, 21 and it is conceivable that children are far more willing to forfeit time for physical activity to watch television than they are to do their homework. In addition, time spent watching television or playing video games may be subject to restrictions or limited access, while time spent reading or doing homework is more likely to be entirely volitional in nature. Because of possible differences in the preference for and access to sedentary behaviors, we investigated the associations between physical activity and explicit types of behaviors independently.
Adolescents have reported time constraints 22, 23 to be the most important barrier to increasing their participation in physical activity. While adolescents have also reported having a job to be an important barrier to exercise, 23 the association between work and physical activity is not clear. Notwithstanding work-related physical activity, time spent working after school and on weekends detracts from time spent in physical activity, but it may also increase access to physical activity, either by exposure to available facilities at the workplace, or by earning money to pay for activities that could not otherwise be afforded.
The objectives of this study were to determine whether there was a differential relationship between the time spent during physical activity and the time spent during different types of sedentary activity, including watching television, playing video games, working on computers, doing homework, and reading, taking into account the effect that part-time work may have on students' residual time. Other factors included were mental health score and musculoskeletal pain, as these may also be associated with physical activity and sedentary pursuits. 13, 24, 25 
METHODS
The study was a cross-sectional cohort design. The potential sample included 948 seventh-to 10th-grade high school students in Montreal, Quebec, from 3 schools-2 public innercity schools and 1 smaller private school. Students completed a self-administered questionnaire addressing lifestyle, health, and psychosocial issues. They were also measured for height and weight. This study was approved by the Research and Ethics Committee of the Sir Mortimer B. Davis Jewish General Hospital, McGill University, Montreal, and the Research Committee of the Montreal Catholic School Commission. In accordance with the laws of the province of Quebec, all students and parents of those younger than 14 years provided a signed informed consent before entry into the study.
Information on the outcome, physical activity, was collected by having the students mark any activity in which they had participated in the past 6 months, using a predetermined list. They indicated how long, on average, they spent in the activity (Ͻ5, 5-10, or Ͼ10 h/wk for each activity). These activities included badminton, baseball, basketball, bicycling, diving, football, handball, hockey, gymnastics, martial arts, racquetball, ringuette, in-line skating, ice skating, skiing, squash, soccer, swimming, tennis, volleyball, dance, and a category for "other (specify)." We classified physical activity into 3 appropriately sized categories based on number of subjects and face validity: low activity, moderate activity, and high activity. Subjects who engaged in low activity included those who participated in 0 to 2 activities, each less than 5 h/wk. Subjects who engaged in moderate activity included those who participated in 1 or 2 activities, 5 to 10 h/wk in each activity, or those who were active in 3 or more activities less than 5 h/wk for each of the 3 or more activities. Highly active individuals were those who participated in at least 1 activity more than 10 h/wk for each activity or in 3 or more activities 5 to 10 h/wk for each activity. To control for different intensities of exercise, a second classification of activity was used in which we categorized sport activities according to their respective metabolic equivalent levels. 26 We used the mean number of hours for a particular category as the duration (eg, 5-10 h/wk was considered 7.5 h/wk).
The independent variables were defined as the average number of hours per day, during the past 6 months, spent in sedentary pursuits: watching television, playing video games, working on the computer, and doing homework or reading. This information was collected separately for weekdays and weekends. We also dichotomized these variables into "productive" (increasing knowledge that will help students improve their education and awareness, ie, working on the computer, reading or doing homework) and "leisure" (lacking the gains noted for productive activity, ie, watching television and playing video games) activities.
Covariates included time spent working, having substantial musculoskeletal pain, mental health status, and type of school (public vs private). For work during the past 6 months, a score was given for each type of work depending on how many hours per week. A score of 1 meant 1 to 10 h/wk, a score of 2 meant 11 to 20 h/wk, and a score of 3 meant more than 20 h/wk. The scores for each type of work were then summed into one continuous variable for work. Musculoskeletal pain was defined as having pain in the neck, shoulder, arm, hand, back, hip, knee, leg, foot, or ankle at a frequency of at least once a week for some period within the past 6 months. 27, 28 Mood and anxiety during the previous week were determined by the 5-item Mental Health Index from the Medical Outcomes Study 36-Item Short-Form Health Survey. 29 The variable school type (public vs private) was used as a proxy for SES.
Analysis consisted of descriptive statistics and regression modeling (ordinal and linear). We used ordinal regression when we categorized the outcome variable as ordered levels of physical activity, and used the covariates discussed in the previous paragraph in the model. This method assumes equal steps between categories and the assumption can be tested. To test the sensitivity of our analysis, we also defined our outcome as continuous (using total hours per week of activity and total metabolic equivalents per week) and performed a linear regression using the same covariates as the ordinal regression model. All analyses were done with the SAS for Windows version 8 software (SAS Institute Inc, Cary, NC).
RESULTS
Of the 948 students who were eligible to participate in the study, 743 (78.4%) consented and were present on the day of testing. Mean age was 15.1 years (SD, 1.2); 48.3% were female, and 43.7% had experienced muscu-loskeletal pain in the past 6 months (45.4% in girls and 42.2% in boys). Smokers composed 30.3% of the group (equal for girls and boys), and 62.2% had worked in the past 6 months (75.2% of girls and 5.00% of boys). Median body mass index (calculated as weight in kilograms divided by the square of height in meters) was 20. Physical activity levels are illustrated in Figure 1 . There were 244 students in the low-activity category, 325 in the moderate-activity group, and 174 who reported being highly active. There were more girls than boys in the low-and moderate-activity groups and significantly more boys than girls in the high-activity group. Mean time spent per day in sedentary pursuits was similar for weekdays and weekends with the exception of reading or doing homework ( Table 1) . We constructed models for weekday and weekends separately. Because our results were similar for both, we report only on weekday sedentary values.
Unadjusted comparisons suggest that time spent in all sedentary pursuits under study actually increased slightly as activity level increased (Figure 2) . Boys spent more time playing video games but less time doing homework than girls (data not shown).
The multivariate model (ordinal logistic regression, outcome: high, moderate, and low physical activity; explanatory variables: sedentary behaviors entered individually) showed that neither musculoskeletal pain nor mental health was associated with physical activity. Working was associated with increased physical activity for both girls and boys. Students who attended private school tended to be more physically active than those in the public schools ( Table 2) . Only 95 students in the study attended the private school. Physical activity was higher in the private school students (51.6% vs 42.7% *Odds ratios (95% confidence intervals) are adjusted for all variables in the model. †For 1 additional hour of computer work, there is a 1.2 increase in the probability of being in the next physical activity category. ‡Sum of frequency categories: time spent in work activities per week in the past 6 months. §Pain in neck, shoulder, arm, hand, back, hip, knee, leg, foot, or ankle, 1 or more times a week in the past 6 months.
Five-item Mental Health Index from the Medical Outcomes Study 36-Item Short-Form Health Survey 29 (per 1-SD decrease in score).
in the moderate physical activity category, and 29.5% vs 22.8% in the highly active group), but there were no differences in time spent working (P = .60). When the sedentary variables were categorized as leisure vs productive in a logistic regression model, the productive sedentary behavior variable was associated with increased physical activity (odds ratio, 1.7; 95% confidence interval, 1.2-2.4), whereas the leisure sedentary behavior variable was not (odds ratio, 1.1; 95% confidence interval, 0.8-1.5) ( Table 3 ). In this model, musculoskeletal pain was associated with physical activity (odds ratio, 1.5; 95% confidence interval, 1.1-2.0). These associations were similar for both sexes. Private school students spent more time in productive sedentary behavior than public school students did (PϽ.001) and less time in leisure sedentary behavior (PϽ.001).
Linear regression analyses using continuous outcomes of activity, either total activity per week or total metabolic equivalent values of activity per week, yielded the same conclusions (data not shown).
COMMENT
We found that physical activity was not associated with watching television or playing video games. However, time spent working on the computer was positively associated with physical activity.
The literature is divided on the issue of television watching and its association with physical activity. Pate et al 30 found that low activity was associated with greater television watching; however, this association appeared to be a reflection of the association between television watching with ethnocultural factors. Andersen et al 15 did not find an association between television viewing time and physical activity, but reported that lower physical activity was associated with higher body mass index. Katzmarzyk et al 17 reported no association between time spent watching television and physical activity in teenaged boys and girls, although they noted that the prevalence of obesity was very low in their sample. Fotheringham and associates 31 reported that young adults in the highest tertile of computer use tended to be inactive physically; however, their sample population was considerably older than the adolescents in the present study.
When individuals were categorized as engaging in "productive sedentary behavior" vs "leisure sedentary behavior," we found that the former was significantly associated with physical activity, while the latter was not. These results were the same for both sexes and may reflect similarity to the results of a recent American study, where higher perceived academic rank was associated with higher levels of physical activity. 13 This suggests that adolescents who spend time "learning" and engaging in "academic" pursuits are more likely to make time for physical activity. In contrast, time spent in more "nonacademic" pursuits, like watching television and playing video games, was not associated at all with time spent doing physical activity. Because some adolescents clearly do manage to "do it all," a true lack of time as a barrier to physical activity 22 is likely more a perception or an excuse than a reason. Rather, it may be that teens who make time for doing homework and reading (ie, are more productive during their leisure time) are better able to manage time or less likely to lose time by sleeping in late, talking on the telephone, etc. This may also be supported by the fact that those who worked tended to be more physically active as well. Another possibility is that those who are not physically active choose not to be, regardless of whether they watch television. As such, motivational strategies are necessary to encourage adolescents to participate in physical activity. More research is needed to identify reasons for these discrepancies.
When we stratified on school type (public vs private), it appeared that those who attended private school were more physically active despite the fact that they also spent more time working on the computer and doing homework or reading than their public school counterparts. Because there is no evidence that these students enjoy more residual free time, some adolescents seem to be able to manage their time better than others, or perhaps have a greater desire to enjoy a variety of both active and more sedentary pursuits.
All students included in the study participated in physical education, and although some had musculoskeletal pain, it did not prevent them from participating in physical education class. Our findings of an association between pain and physical activity in the model that combined sedentary behaviors into 2 categories may indicate that this pain may not have deterred students from participating in voluntary extracurricular physical activities either. The lack of association between mental health score and physical activity may reflect the fact that the students in the present study were all slightly active by virtue of the fact that they participated in physical education class at school, and perhaps those with poorer mental health scores were the ones who did not participate in physical education class.
Among its limitations, this study was crosssectional. The intent was to explore associations between sedentary pursuits and physical activity in a cohort of high school students. It is not possible to determine causation under such a design.
There may have been some selection bias due to nonparticipation. The proportion of students who reported being physically active in at least 1 sport was higher in our cohort than in 2 other studies involving adolescents 28, 32 ; however, we measured teens during their physical education class. Those who did not attend physical education or who declined to participate in our study may have been those who were more inactive.
Another possible source of bias is misclassification. Data were based on self-reports. Although it is possible that individuals with a poor or inflated sense of time would be a source of spurious associations, this would not explain the differential associations of physical activity with sedentary behaviors found in this study. If it is present, such a bias would act on all reported behaviors; there is little reason to suspect that this bias would be present for some sedentary activities and not for others. The questionnaire obtained information about such factors as physical activity and employment that occurred within the previous 6 months. The validity of physical activity surveys in adolescents that addressed past-year physical activity has been shown to be good. 33 In that study, the average of four 7-day recalls of activity was used as the gold-standard comparison with the "pastyear" questionnaire. Spearman correlation coefficients ranged between 0.55 and 0.83, indicating a fairly good correlation between 7-day recall of activity and pastyear recall. The present study's use of a 6-month recall time frame should be no worse (and possibly better) than the past-year scenario. Alternative methods of measuring physical activity include accelerometers and heart rate monitors. Overall, we believed that a survey was the better method for our study, given that our objective was to measure all types of physical activity (including swimming and cycling that would not be measured by conventional accelerometers) in a cohort of 743 inner-city adolescents during several months. As for employment, the proportion of adolescents who reported that they had worked was similar to that found by a study in Minnesota, where 58% of 10th graders reported working, with an average age at first employment of 14.7 years. 34 We used a 5-item Mental Health Index for mood and anxiety. Although the scale contains only 5 items, this score is as good as the 18-item Mental Health Inventory and the 30-item General Health Questionnaire, and better than the 28-item Somatic Symptom Inventory, for the detection of depression, affective disorders, and anxiety. 35 It is possible that some unmeasured confounding variable could bias the results. One possible confounder is SES. 13 Although school type is an imperfect proxy variable for SES, the public schools were in lower-SES neighborhoods, whereas the private school was in a high-SES district. Moreover, a stratified analysis based on school (public vs private) as a proxy for SES did not affect our conclusions.
Finally, we did not measure all types of nonphysical activity (eg, talking on the telephone, going to movies, shopping). Although adolescents spend time on these types of activities as well, our objective was to describe the relationship between physical activity and time spent in the 4 specific sedentary pursuits (watching television, playing video games, working on computers, and doing homework or reading) most commonly hypothesized as being associated with physical activity.
CONCLUSIONS
Our findings indicate that physical activity was not inversely associated with watching television or playing video games. On the other hand, students who spent more time in productive sedentary behaviors (working on computers and reading or doing homework) tended to be more physically active. This may imply that certain teens are more capable of managing their time to include both physical activity and sedentary pursuits, or that those who are not physically active choose not to be, regardless of whether they watch television. As such, reducing television viewing may not be enough with respect to increasing physical activity. Time management skills or motivational strategies may be necessary to encourage participation in physical activity. Future research should address time management skills of students, developing profiles suitable for screening those at risk for poor time management and interventions to improve these skills in the hope of promoting increased participation in physical activity. January 23, 2003 
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What This Study Adds
Physical activity in adolescence is important for a healthy lifestyle and may positively affect adult health. Many adolescents reportedly spend too much time watching television and playing video games and not enough time on physical activity. In this study, the results indicate that physically active adolescents were not less involved in these sedentary pursuits. Moreover, those who spent more time on "productive sedentary behavior" (doing homework, reading, and working on the computer) were actually more physically active. This may imply that certain teens are more capable of managing their time to include both physical activity and sedentary pursuits or that those who are not physically active choose not to be, regardless of whether they watch television. As such, reducing television viewing may not be enough with respect to increasing physical activity. Time management skills or motivational strategies may be necessary to encourage participation in physical activity.
